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XVII.—On the Disruptive Discharge of Electricity. Part IV. (Plate XIV.)
By A. MACFARLANE, M.A., D.Sc., F.R.S.E., and P. M. PLAYFAIR, M.A.
(Read 6th January 1879 and 19th July 1880).
The following experiments, in continuation of our research on the
discharge of electricity, were made in Professor TAIT'S Laboratory during the
College Session 1878-79, and papers briefly describing the results were read
before the Society on 6th January 1879 and 19th July 1880.
Discharge of Electricity through a Paraffin in different States.
By favour of Mr CALDERWOOD, Manager of Addiewell Chemical Works,
we obtained a quantity of a pure paraffin of low melting point. We haAre
recorded in Table I. a series of observations which we made to compare its
electric strength when solid and when liquid with that of air at the
atmospheric pressure. By the electric strength of a dielectric we mean the
ratio of the electromotive force required to pass a discharge through the
dielectric to that required for air under the same conditions, and when the
length of spark is 5 mm. It is necessary to make the comparison at a fixed
length of spark, as in the case of the gases the electromotive force is not
proportional to the length of the spark. In the case of some liquids, we
found that we could not take measurements for a 5 mm. spark; in such
cases we make the comparison at the greatest length of spark for which
observations have been taken.
A cylindrical glass dish 7 inches in diameter, had a brass screw passed
through the centre of the bottom, to which one of the 4-inch circular plates
could be screwed on, as represented in the woodcut.
The lower plate was connected with the earth by
attaching a wire to the outside part of the brass
screw. The upper plate was suspended from the rod
of an air-pump receiver so as to be parallel to the
lower plate, and at a distance of 3 mm. A sufficient
quantity of the liquefied paraffin was poured in to fill
the dish to the height indicated in the woodcut, and it was allowed to solidify
for twenty-four hours. We were particularly careful to note properly the
reading for the first spark, as we knew that we could not get a second of
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the same kind without melting the paraffin again. It will be observed
from the table that the deflections for the succeeding four sparks are sensibly
equal. The ratio of the electromotive force for the first discharge to that
for the succeeding discharges is 3 6. The increased facility is of course due
to the fact that the first discharge bores a hole through the solid. "We
observed the hole afterwards; it was zigzag as regards direction, and had
a black surface. The passage of the sparks, and particularly of the first one,
illuminated the whole cake of paraffin in a very beautiful manner.
The paraffin was then taken out, and sparks taken for air under the same
conditions as before. The mean reading for air compared with the reading
for the solid paraffin gives the electric strength of the former to be five times
that of the latter.
Next we liquefied the paraffin and raised it to a pretty high temperature,
so that it might remain liquid for some time though brought into contact with
the cold dish and plates, and then poured it in to the same height as before.
The mean reading gives its electric strength when liquid to be 2-4—scarce
half of that which it possesses when in the solid state. The further obser-
vations were taken to see how rapidly the electric strength changed. The
deflection when the paraffin was quite clear was 230; this increased for the
next three observations up to 390, when the paraffin was superficially solid;
but the effect of this spark was to make a rent which allowed the discharge
to pass more easily afterwards. These results are supported by other two
sets of observations, which were preliminary in their nature.
Discharge of Electricity through Olive Oil.
We thought it of importance to ascertain whether that law of discharge
holds for olive oil which we had already found to hold for the two dielectrics,
paraffin oil and oil of turpentine, viz., that the electromotive force plus a con-
stant is proportional to the distance between the parallel plates forming the
electrodes. (Trans. Roy. Soc. Edin., vol. xxviii. p. 680). With that view, and
also for the purpose of comparing its electric strength with that of air, we took
the series of observations recorded in Table II. We found it possible to con-
tinue the observations for a distance greater by one millimetre than in the case
of the other two liquids. When the distance was increased to 6 mm. the
index moved up pretty steadily to 0 divisions of the scale, when it suddenly
left the scale on account of the great amount of electricity which then began
to escape from the insulated wire. In the fourth column we have noted the
position which the index took up after the passage of the spark and the
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discharge of the conductors of the Holtz machine, but the deflection to the
negative side of the original zero (530) was so considerable that we always
brought the index back to 530 before taking another reading, by touching the
ball of the electrometer with the hand. We have plotted the results in the
diagram, Plate XIV. The crosses mark the difference given in the fifth
column, and the dots with circles mark the differences given by subtracting
the deflections from the original zero, 530. The first of these is probably the
proper curve, but whichever of the two we take, we get a straight line having
a small negative intercept on the axis of ordinates precisely as in the case of
the other two liquids. The curve, instead of showing a tendency to become
concave to the axis of abscissae, exhibits a tendency to become convex with
respect to it, thus differing in a remarkable manner from the curve obtained
for a gas. The equations to the two curves within the limits of observation are,
V = 900 s — 30 = 298 s - 10 in C. G. S. units, and
V = 760 s — 17 = 252 s - 6 in C. G. S. units,
where V denotes the difference of potential, and s the length of the spark in
centimetres.
The reading for a 5 mm. spark in air under the same conditions, given as a
mean by four observations, was 119; hence the electric strength of olive oil is
3'5. This is less than that for paraffin oil or oil of turpentine (4 and 37
respectively), as we expected from the fact that we were able to continue the
observations through a slightly greater range of length of spark.
The difficulty of making these observations was very considerable, as the oil
had to be freed and kept free of all solid particles (Trans. Roy. Soc. Edin., vol.
xxviii. p. 673), and the passage of a spark also produced bubbles of gas which had
to be removed from between the plates before another reading could be taken.
In the case of each of the three liquids we have examined, the discharge has
been accompanied with decomposition of the substance. Having finished the
readings, we took a note of the behaviour of these bubbles. When the plates
were 11 mm. apart and the upper one charged positively, the bubbles were
repelled downwards, and when suspended in the liquid, assumed the form of
prolate spheroids, with the long axis in the direction of the lines of force.
They discharged the electricity by convection. When the upper plate was
negative the bubbles appeared to be repelled less strongly. The spark when
examined by the spectroscope showed red and green with a tinge of violet.
With the view of ascertaining the effect of condensed gas on the passage of
the spark, we substituted palladium wires for the platinum wires in the
instrument described in Trans. Roy. Soc. Edin., vol xxviii. p. 682. We
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charged these palladium electrodes with hydrogen in the usual manner, took a
number of sparks between them, then having heated the wires by means of a
battery of four Bunsen elements, we took sparks again. Our observations do
not indicate decisively any results, but they point out conclusions Avliich may
be established by further experiments.
TABLE I.—Discharge of Electricity through Paraffin.—5th December 187S.
Electrodes, Parallel Plates each four inches in diameter. Length of Spark, -3 centimetre.
Jars on Holtz Machine.
Dielectric.
Paraffin in
Solid State.
Air.
Paraffin in
Liquid State.
State of Dielectric.
1st Spark,
2d „ '
3d „
4th „
5th „
After interval
of 10 minutes,
Quite clear,
Beginning to
solidify on
plates, . .
Solidified on
sides of glass
vessel, . .
Surface of par-
affin solidified,
After some time,
After some time,
Deflection,
iu
40
380
385
380
370
370
416
417
408
410
260
270
290
288
275
200
130*
200
250
Zero,
«'.
510
508
505
510
520
520
520
515
510
Difference of
Potentials,
n'-n.
470
130]
125 1
 n
130 f1"30
140 j
140
92]
iS »
98 J
245}
235 (
220 (2M
222j
245
320
390
315
260
Diff. of
Potentials in
C. G. S. Units.
130
26
62
Electric
Strength.
5-0
1-0
2'4
* Surface blown up bj" discharge.
DISRUPTIVE DISCHARGE OF ELECTRICITY. 565
TABLE II.—Discharge of Electricity through Olive Oil.—2§th May 1879.
Electrodes, Parallel Brass Plates, each faur inches in diameter. No Jars on the Holtz Machine.
Diolectric.
Air,
Olive Oil,
Length of
Spark,
s.
•5
•1
•2
•3
•4
•5
•6
Deflection,
n.
410
415
390
410
470
465
405
395
335
310
250
250*
150
180
about 0
Zero,
ri.
525
...
528
530
550
570
600
560
...
610
Observed
Difference of
Potentials,
115
110
135
115
58
65
145
155
215
260
350
310
410
430
Mean
Difference of
Potentials.
119
615
150
237-5
330
420
Mean
Difference of
Potentials in
C. G. S. Units.
Electric
Strength.
1-0
39-7
20-4 3-5
49-6
78-4
109
139
Electricity escaped from the insulated wire before the discharge took place.
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